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CONCLUSIONS: I '; q 
Methyl bromide vapor administered by inhalation at o, 30, 100 

or 350 ppm for 6 hrs to CD® rats resulted in the following effects: 

NOEL: 100 ppru 
LEL: 350 ppm, ba: ~d on decre~s~d activity and alertness a~ 

measured by functional observatir:>n battery pa?:ameters for 
neurobehavioral effects, decrease(~ motor activi.ty and decreased 
abody temperature in males and females. A slight decrease in hind­
limb grip strength in males may ha<e been trea~ment-related. All 
animals were assessed to be normal by 1 week post-exposure. 

Classification: Core-Guideline 

Tht! ::;·tudy appeared to have been properly conducted and is 
considered acceptable for regulatory purposes. 

~ON REOUESTEQ: 

The Methyl Bromide Industry Panel submitted for review an 
acute inhalation neurotoxicity study in rats (MRID 427936-01). 
This study was required to support reregistrat.i.on of methyl bromide 
as outlined in a Data Call-In dated 9-20-91 • 

. ·---. . ..... ~ 



010707 
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Primary Re.tiew: LinnPa J. Hansen, Ph.D~ ""?r-1"-....,._...,.. 
Review Section IV, Tax. Branch I ~ \' 
Secondary Review: Marion P. Copley, D.V.M., 
Review Section IV, Tax. Branch I 

DATA EVALUATION RECORD 

STUDY TYPE: Acute Neur0toxicity 
Species: Rat 
Guideline: 81-8 ss 

TOX. CHEM. ~: 555 

MRIP NO.: 427936-01 EC NO. : 053201 

TEST MATERIAL: Methyl bromide, '·'i!chnical 

SX~ON¥MS: Bromomethane, Brom-0-Gas®/CAS No. 74-83-9 

SEONSOR: Methyl Bromide Industry Panel, Chemical 
Manufacturers Association, 2501 M Street NW, 
Washington, DC 20037 

STUD¥ NO.: 92N1197 (Laboratory Project No.) 

TESTING FACILITY: Bushy Run Research Center, 6702 Mellon Rd., 
Export, PA 15G32-8902 

TITLE OF REPORT: Methyl Bromide: Single Exposure Vapor 
Inhalation Neurotoxicity Study in Rats 

AUTHORS: C.D. Driscoll and J.M. Hurley 

REEORT ISSUED: May 27, 1993 

CONCLUSIONS: , 

Doses tested: 0, 30, 100 or 350 ppm as vapor, a~·ministered 
by a single 6-hr inhalbtion exposure to male and female CD® 
rats. 

NOEL: 100 ppm 
LEL: 350 ppm, based on decreased activity and alt•rtness as 
measured ~r FOB parameters, decreased motor activity and 
decreased body temperat•Jre in males and females aft•!r 
dosing. A slight decrease in hind-limb grip strengt.h in 
males may have been treatment-related. Effects were 
transient and all animals were assessed to be normal by 1-
week post-exposure. 

Classification: Core-Guideline 
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This study appeared to have been properly conducted and 
is considered acceptable for regulatory purposes. 

A signed quality assurance statement was present. 

A. MATERIALS 

Test Compound: 

Vehicle: 

Test Animal: 

B. STUDY DESIGN 

Methyl bromide, tecr.nical 
Purity: >99\ (as det. by sponsor) 
Description: colorless gas (odorless except 

at high concentrations) 
Lot No.: RL4 (Great Lakes Chemical 

Corp.) 
Contaminants: not specified 

air 

Species: rat 
Strain: CD® 
so•1rce: 

Age: 
Weight: 

Charles River Laboratories, Inc., 
Portage, MI 
approx. 7 weeks 
males 189.1- 239.8 g; 
females 145.5 - 179.2 g 

1. Animal Assignment 

Following a 3-week acclimatization period, animals were 
randomly assigned to the following teat groups: 

TABLE 1: ANIMAL ASSIGNMENT 
Test Group Dose Level 

rppml 
Control o 
LOW Dose 
Mid Dose 
High Dose 

3t' 
100 
350 

!'4umber 
males 

15 
~5 

15 
15 

Assigned 
females 

15 
15 
15 
15 

Each dose group was divided into 4 replicates of 3-4 
animals p~r sex which were initiated over 4 consecu·~ive 
days. Animals were exposed to air or test substance in test 
chambers for 6 hr and the neurologic examinations performed 
as described below. 10 animals/sex/group were preserved for 
gross examination. Neurohistopathology was performed on 6 
control and 6 high dose animals as described below. 

Prior to and after exposure (except during.motor 
activity or functional observational battery t~sti~g), rats 
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were housed individually in su~p~nded stainless steel mesh 
cages. Light cycles were 1~ hr on/12 hr off, humidity 
ranged butweon 40 - 70t and temperature bet~een 66 - 77°F, 
Food (Agwaya Prolaba Animal Diet 3000) and water were 
provid~d 4Q libitum throuqhout the study except during 
exposures. 

2. Rationale for pose Selection 

Doses were selected based on previously published 
stu~ies on ~ffects of acute exposure to methyl bromide. 
Thib included studies by (1) Honma ~ ~. (Toxicol. ARBl· 
Pharmacol. d1:183, 1985) in which acute exposure to 188 or 
250 ppm caused reduced motor activity immediately aftec 
exposure and (2) Torkelson and Rowe in Patty's InUustrial 
Hygiene and Toxivoloqy, Vol. 2, 3rd Ed. p. 3443, 1982) in 
which an LC50 for an 8 hr exposure was estimated at 302 ppm. 

3. Generation and Analysis of Test Atmosphere 

Exposure Conditions: Stainless steel and glas~ 
inhalation chambers (Wahrnann Mao1ufacturing Co.) with volumes 
of 900 L and airflow of 200 l/min (13 air changes/h•) were 
used. Chamber airflow was monitored with a Dwyer 
Magnehelic~ pressure gauge. Methyl bromide from 10 lb. 
cylin~ers was introduced into the chambers through 3 
pressure regulator and flowmeter and diluted with filtered 
supply air to the appropriate test concentration. 

Analysis of Test Atmosphere Concentration: Chamber 
test material concentrations were analyzed about twice per 
hr duriny exposures using flame ionization gas 
chromatography. Chamber temperature and humidity were also 
recorded about twice per hour. Particle size (MMAD) 
measurements were not necessary since methyl bromide is a 
respirable vapor. 

Results - Mean test chamber concentrations for each 
replicate test group ar£ shown below in Table 2: 

TABLE 2 j TEST HMOSPHERE ANALYSIS 1 

PPM IN CHAMBERS 
REPLICATE PAX 0 30 100 350 
1 MEAN: <MDL 33.4±0.6 102±0.9 344±9.2 
2 MEAN: <MDL 33.5±0.6 100±0.7 342±2.8 
3 MEAN; <MDL 33.5±2.1 102±1.6 342±13.8 
4 MEAN: <MDL 32.1±1.7 98±2.1 347±3.0 
4-QAX ~EAN: <MQL 33.1+0.68 100+1.9 344+2.4 

1 Data from Tables 4 - 7, Appendix 1, study report 
MDL = minimum detectable level 

1 
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Mean test concentrations were within accepta~le range 
of target concentrations. All mean daily measurements taken 
in high dose chamber were slightly below target (S2.3' 
below). The greatest variation was noted at high dose for 
the Day 3 exposure replicate group (SD = 13) . Raw data for 
the bihourly measurements was not included in the study 
report. 

Nominal methyl bromide concentrations for low, mid and 
high dose were 46.6, 100 and 320 ppm, respectively. 

Temperature measured during each exposure day ranged 
between 20.8 - 22.0°C and relative humidity ranged between 
39.7 - 61.0\. The 4-day temperatYre means for each dose 
group were 21.2, 21.2, 21.2 and 20.9°C and for relalive 
humidity were 50.2, 48.2, 54.4 and 445.3% (C, 30, 100 and 
350 ppm, respectively). 

4. Statistical Analysis 

Analyses were performed us:ing BMDP Statistical Software 
or other computer programs. In all analyses, p < 0.05 (two­
tailed) was considered t~ indicate statistical significance. 

Levene's test for equality of variances was uqed to 
compare quantitative continuous variables among the test 
groups. Parametric ANOVA was performed when variances were 
homogeneous. When the F value from ANOVA was significant, 
t-tests were used. A pooled t-test was u£ed for pairwise 
comparisons when Levene's test indicated similar variances 
and parametric ANu"A was significant. Where variances as 
determined by Levene's test were not homogeneous, a 
nonparametric ANOVA followed by a separate variance t-test 
for pairwise comparison was used for analysis. 

Nested analysis using repeated measures analysis of 
variance with dose as grouping factor and test period and 
intrasession interval as within-suvject factors were used to 
analyze motor activity data. In addition, repeated measures 
analyses at individual testing intervals with dose as 
grouping factor and intrasession interval alune as the 
within-subject factor were performed. A Greenhouse-Geisser 
correction(epsilon-adjustment factor) was used in the 
repeated measures analyses. Both the 10- and 30-minute 
intervals were analyzed statistically. comparisons of 
cumulative test session activity for treatment groups were 
also performed at each testing interval. Cumulative test 
session activity for each testing interval was analyzed as 
described above for parametric data. 
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Fisher's exact test was used to statistically analyze 
most incidence data and control and high dose histopathology 
data. In the FOB, data with scores to designate sever:ty 
we~ analyzed for group differences using Gamma, Kendall's 
Ta~-B, Stuart's Tau C and Somers' D measures of association. 

C. METHODS ANP RESULTS: 

1. Clinical Observations and Mortality 

Animals were observed twice daily for clinical signs of 
toxicity or mortality. 

~·l..u - There -.~as no mortality during this study. 
Clinical findings related to treatment were noted only among 
ani~als at 350 ppm. During exposure high dose animals had 
increased incidence of drooping eyelids and wern more 
lethargic than controls; however, the incidences ~f the 
observations seen during exposure were not inclurled in the 
study report. Except for the functional observational 
battery parameters described below which wP.re showed effects 
for the high dose animals on the day of dosing, no apparent 
treatment-related clinical effects werP. observed post­
exposure. 

2. Body :ieights 

Body weights were measured weekly during 
acclimatization, on the day before doslng ~nd post-dosing 
at 1, 7 and 14 days as part of the fun~tional observational 
battery. 

Results - There were no statistically significant 
differences in mean body weights of treated animals compared 
to controls. At the end of th~ 14-day observation period, 
mean body weights of males were 315.58, 309.23, 313.79 and 
307.67 g and fem~les were 195.~4, 195.09, 191.92, 192.83 (at 
0, 30, 100 anri 3E~ ppm, respectively). 

3. rood consumption 

Food consumption was not recorded in this study. 

4. ~unctional Observational Battery IFOBI 

An FOB was conducted within the week prior to dosing, 
by 3 hrs following dosir.g (Cay 1; peak effect as deter~ined 
from the results of previous studies) and on Days 2, 8 and 
15 of the study. The following parameters were observed: 
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Autonomic !Mnctions including lacrimation, aalivat.ion, 
palpebral closure, ocular prominence, pupillary light 
re~ction, piloerection, respiration, urinat.ion and 
defe.ation; 

Sensorimotor responses to visual, auditory, tactile or 
painf~l (pinching) sti~uli; 

Excitability including reaction to handling and open 
field behavior, rears, vocalization, level of activity 
and alertness; 

Gait and sen&,Iimotor coordination including open field 
post.ure and gait pattern, body position, gait 
abnormalities, righting reaction, visual placing 
response and landing foot spl~y; 

Grip strength, fore- and hindlimb; 

Clinical observations including convulsions, tremors, 
unusual behavior, hypo- or hypertonia, emaciation, 
dehydration, unkempt appearance and deposits around 
eyes, no>e, mouth (see c-1 above). 

Body temperature (rectal probe). 

Scores for level of arousal, gait abnormality, degrees 
of palpebral closure, eye prominence, pupil size, 
lacrimation, salivation, appearance, reaction to various 
stimuli, visual placin~ response, body position, breathing 
pattern and air righting response were based on graded 
scales which indicated degree of chang~ from controls. 
Scores were analyzed for s~atistical significance. 

~sults - Representative parameters from the FOB 
session following dosing (Day 1) ~re shown below in Table 4: 

1 
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TABLE 4 : _I"Urt\..fTnNO.l :VA'1· !AT BATTERY DAll 1) 1 

0 PPM .l.C ...!'!'!'!. 10( PPM ~ .J'.l'!! 
d 9 d 9 d 9 d 9 

No. animo.la 15 15 15 1;; 1~ ~5 15 15 

Arouaal (inactive/alert) 2 1 5 1 4 • u- ,. 
Rear a 7.33 10.07 6.27 8.00 6.20 7.27 l.33 - 5.35-

Droopinq/half-c1oaad eyelida 1 0 2 0 1 () u - ,-
Pi.• oerect ion 0 0 0 1 1 1 11 - 10-
Uncoo:d. air riqhting 

6 ,. 
,.·eaponae (back or cide) 3 1 2 1 0 1 

Body T, c" 38.16 38.71 38. Jl 38.54 38.32 38.55 35.29 - 35.10-

Hindlimb grip strenqth. kq .61 • 57 • 5l' .54 • 57 • 56 .. ,-
Urine pools 7 6 4 8 5 8 13 

Hunched body poaitJt\1"\ 0 0 l 0 0 0 2 

Lacrimati')n 0 0 0 0 0 0 0 

Abnvrmal rdspiration 0 0 0 0 0 0 l 

llo response to tail pinch 0 0 0 0 2 0 4 

No startle 0 0 .!. 0 l l l 

1 
• 
•• 

Data ~~ken from ·--
p ~0.05 

and 9 <ef study --.. -· 

p < C.01 

There were no treatment-related effects observed c · any 
FOB parameter at 30 or 100 ppm. However, at 350 ppm, 
several parameters were significantly affected in both males 
and females. Parameters that indicated level of alertness 
and activity were affected. Statistic~lly significant 
incr<~ases in nun.bers of inactive but ale!'t animals, rears, 
drooping or partly closed eyelids w~re observed. Incidence 
of piloe~ection was increa~ed and body temperature was 
reduoea in both maleE and females. Hindlimb grip strength 
w~s slightly but statistically decreased in males at low and 
high dose (1St and 25t, respectively). The study authors 
did not consider this an effect. TB-I considers the high 
dose reduction to be a possibl~. ~light tre~tment-related 
effect since some parameters such as arousal, rears and 
drooping/half-closed eyelids appeared to be slightly more 
affected in males than females. The decreased strength may 

1 

.55 

13 

4 

1 

0 

0 

2 
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hav• reflected the increased lethargy of those animals. 

An1mals treated with methyl bromide at all dose levels 
showed FOB responses comparable to controls when tested at 1 
a.1d 2 weeks after expo11ure. 

5. Motor Activity 

Motor activity was measured curing 300 minute 
observL:ion perlods (120 min. light/180 min. d~~k) after 
e;ompleti:m .of thE. FOP on the day prior to aosing (Study Ddy 
0) anti f•Ostdosing on study Days 1, 8 and 15. Day 1 
measurements were iraitiatect approximately 3 hr after 
ter~ination of exposure period. Number of movements and 
total time (seconds) spent in movement during 10- and 3D­
minute time blocks were recorded. Activi~y was measured in 
an automated motor activity unit (Svn Diego Instruments, 
Inc.). For each r~plicate group testing was cour,:erbalance~ 
for dose group to reduce study bias from instrumental or 
environ~ental effects. Calibration methods ~nd frequency 
were not described !.n this studv report. 

Re5ults - Mean total movements for each dose group are 
presented below in Tabl~ 5· 

TABLE 5: MOTOR ACTIVITY MOVEMENTS 

~P~r~~~ex~.~~~m~o~vm~·-'-.~2~3~7~0~,7-r~3~28~5~.6~r-~26~0~2~·,9:-r~2~~0~6~.8~r-~2~73~6~·~4~~3~5~3~1~·~2~l~2~7~5~9~.4~-r~3~0~15~·~3~ 
1913.2 2456.9 1996.7 2464.7 404.0- 553.9-

2326.8 

2234.4 

2 # movement• • mean I teat aeaaion counta 
•• p < 0.01 

Statistically significant, dose-dependent decreases in 
motor activity compQred to contrvls were observed on Day 1 
in males and femal~s at 350 ppm. Motor ~ctivity levels of 
hi~h dose animals measured following exposure were only 
about 21% and 24% of control activity for males and females, 
respectively. Decreased activity was observed throughout 
tne session (see Appendix). Motor activity was comparable 
to contrcls after 1 week. The decreased motor activity was 
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con~istent with the FOB parameters indicating redur.ed 
activity/alertness levels. No interim measurements were 
taken during th<t first week. t_ deter!!llne recovery time. 

5. Sacrif_j ce/Necrocs·' /NeurohistopathQ_lQg_'f. 

Animal Sacrifice and Processing of Tissues: Ten 
rats/sex/dose group were anestheti~ed on study Day 16 (15 
days post-exposur-a) ,1sin,_; Euthauasia-6 Solution (Veterinary 
Laboratories, Inc.) and perfused in si~u with 10\ neutral 
phosphate buffer~d formalin. Organs of the thoracic and 
peritoneal cavities were examined grossly for. abnormalities. 
Bra~ns and spinal cords, along with per1pheral ner~~s ~f the 
hind limb and heads, were removed and iffim~rsed in fixative. 
Brains were ~eighed after fixation. 

Preserved neur~l tissues from 6 randomly sel~~ted 
rats;sex in the control and high dose groups were processed 
for histopathologic examination. Low- and mid-dose 
specimen~ were not exumined since there were no treatment­
~elatad lesions obse~ved at high dose. Sections were taken 
from brain, ~pinal cord, Gasserian ganglion, dorsal root 
ganglion, spinal nerve roots and the sciatic nerve and its 
branches (tibial, trige~inal, peronPal, sciatic and sural 
nerves). The followlng nerve tissues and bra1n regi~ns wer<:! 
examined histopa~hologically: 

Brain Spinal cord 
X Meninqee X Cereb•lla~· w.m. X Cervical 
X Piriform co~t•1X X White matter noe X Thoracic 
X Frontal cortex X Ant. commisure X Lumbar 
l( Parietal cortex X External cap~ule X Nerve ,.,o~s 
X Temporal cortex X Internal capsule Xl Dorsal rt. qanq. 
X ~ccipital cortex X Corpua call~sum X Gaaaeriun q•n9. 
X St:;·~tal !'.iUClei X Fornix Par pher. n. 
X Cau:tate/putamen X CArehellar etx. X Sciatic n. 
X Glob~o~ pallidue X Cerebellar nu~l. X Tibial n. 
X Amyc;,dal3 X vestibular nucl. X Peroneal n. 
X Hippocampus X Pons X sural n. 
X Thalamue X Medulla ot>l. Other 
X Hypothalamus X Olfactory bulb I xi Nasal cavity 
X Midbrain X Optic n./chiaam 
X Subatantia ni~ra 

Fixed tissues were processed by embedding either in 
glycol methacrtlate (sciatic nerve and branches) or in 
paraffin (all other tissues). Heads were decalcified and 
nasal cavities paraffin embedded. Sections were stained 
with hematoxylin/eosin, luxol fast blue or Bialschowsk.y's 
technique (methacrylate sections were stained ~ith 
Bielschowsk.y's stains, hematoxylin/eosin or toluidine blue). 

I~ 



·~ ' 

010701 
81-SSS/Methyl Bromide 

Results: There were no trAatmerlt-related gross 
observations noted at n•acrop>y. There was no apparent 
treatment-related neurol i~topathology observeti in high 
dose animals. Vacuolization of some tissues in both 
sexes (spinal cord, cereb~ll~r white matter, trigemina' 
tract) was obs~rved at comparab! . low incidence among 
controls and high dose specimenb 

D. PISCUSSION: 

TB-I agreed wit~ the conclusions of the study authors 
that a NOEL of 100 ppm and LEL of 350 p~m were observed for 
neurotoxicity following single 6-hr inhalation exposures to 
methyl bromide. ThA affacted parameters reflected decreased 
activity (including mota~ activi~y) and alertness in both 
males and f~males. In addition, body temperature was sig~i­
ficantly dAcreased. Effects on hind-limb grip strength were 
marginal but statistically significan~; TB-I considered this 
a possible effect of treatment whel~as the s~ucy au~hors did 
not. All the observed effects were completely ~eversiole 
but t.he number of days required for recovery could not be 
determined since testing was not conducted until 1 week 
after the d3y of dosing. No neurohistopathologic lesions 
were. observed among the animals examined on Day 16 of the 
study. Although vacuolization of spinal cord and cerebellum 
have been reported in ~ther studies in animals treated at 
higher acute (or prolonged subchronic) doses, the occurrence 
of these lesions in controls at similar low incidence to 
high dose animals indicated ~hat in thi~ study, these were 
no~ treatment-related effects. 

TB-I considered the effects on FOB parameters ~nd motor 
activity observed in this study to be indicative of 
neurotoxicity of m3thyl bromide and not secondary to 
sys~emic toxicity. The effects seen in this study occurred 
without body weight loss or other obvious clinical, gro~s or 
microscopic effects other than the activity/arousal levels. 
The functional deficits seen in this study are similar to 
those reported in previous studies on methyl bromide. The 
results of this study allow determination of neurotoxicity 
NOEL and LEL for acute exposure to methyl bromide. 

This study appeared to have baen properly C•Jnducted and 
is considered acceptable for regulatory purposes. 

Classification: core-auid?line 

II 
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